Varroa destructor is the most important honey bee parasite. There are various methods used in the control of this mite, but none of them meets all requested criteria, to be safe, effective and easy to apply. The objective of this study was to evaluate the varroacidal effi cacy of newly created plant-derived formulation Argus Ras (mixture of extracts of Sophora fl avescens, Ginkgo biloba, Gleditsia chinensis and Teucrium chamaedrys) in a fi eld trial. The investigation was conducted on 240 Apis mellifera colonies equalized in respect of brood amount, adult bee population and food reserves. Effi ciency was evaluated by applying Argus Ras consecutively with two other acaricides, amitraz and oxalic acid. Average acaricidal effi cacy of Argus Ras was 80.89%, being higher of other previously tested essential oils. Besides, it showed a potential in knocking down the mites resistant to other acaricides. It should not be neglected that Argus Ras requires a smaller number of treatments and fi nancial investments than other formulations used for the control of Varroa mites.
INTRODUCTION
European honey bee health is compromised by various pathogens, with ectoparasitic mite Varroa destructor being the greatest threat [1] . Varroa mite also acts as a vector and/ or activator of certain bee viruses [2, 3] increasing their virulence and pathogenicity and seems to have a signifi cant impact on honey bee immune response [4] . There is also a clue for a possible vector role of Varroa mites in the transmission of Nosema parasites. In recent losses of honey bee colonies recorded worldwide, V. destructor seems to play a substantial role [5] .
There are various available methods, techniques and acaricides used in the control of V. destructor, but none of them meets all requested criteria, to be safe, effective and easy to apply [1] . Substances used for mite control are usually classifi ed in two groups: synthetic ("hard") and natural ("soft") acaricides [1] . Synthetic acaricides such as coumaphos (organophosphate), tau-fl uvalinate, fl umethrine (pyrethroid) and amitraz (formamidine) were widely used in the last decades with variable effi cacy. Their residues accumulate inside the hive and could exhibit negative effects on bees and brood [6] and contaminate their products [7] with potential health risk to consumers [8, 9] . Moreover, due to the repeated use of these substances, mite populations develop resistance to pyrethroids (fl uvalinate and fl umethrin), but also to coumaphos and, in less extent, to amitraz [10] [11] [12] . Increased Varroa resistance to synthetic acaricides necessitated the introduction of natural substances with acaricidal effects, such as organic acids (oxalic, formic, lactic) and essential oils (thymol, menthol, camphor, eucaliptol etc.). The advantages of these natural compounds are a lower risk of pollution of hive products [13, 14] and lower probability of inducing mite resistance after repeated treatments. However, their effi cacy is highly dependent on climate, in-hive conditions and application technique, therefore often inconsistent and more variable compared to the effects of synthetic acaricides (reviewed in 1).
Argus Ras is a registered dietary supplement based on extracts of four plants (Sophora fl avescens, Ginkgo biloba, Gleditsia chinensis and Teucrium chamaedrys) and contains fl avonoides, terpenoides and tannins as active substances. According to indications of the producer (MATEX, Šabac, Serbia), Argus Ras disturbs and obstructs development and survival of Varroa mites in both reproductive and phoretic phases. The objective of our study was to evaluate varroacidal effi cacy of Argus Ras when applied consecutively with two commonly used acaricidal substances, amitraz and oxalic acid.
MATERIAL AND METHODS

Honey bee colonies
The investigation was conducted on 240 Apis mellifera colonies in a standard twobody Langstroth hives. The colonies were located in the Belgrade region, Serbia (44° 41′ 35" N, 20° 33′ 12" E). Experimental colonies were equalized in respect of brood size, adult bee population and amount of stored food [15] . After equalization, colonies were divided into three groups ( Table 1 ) each consisted of 80 colonies. During the experimental period, colonies were regularly checked for bee and brood pathology by a veterinary specialist following methods described in the Manual of Diagnostic Tests and Vaccines for Terrestrial Animals published by the Offi ce International des Epizooties (OIE 2013) and, except Varroa mites, no clinical signs of any bee disease were noticed. Colonies were also carefully monitored to notice any adverse effect of tested substance on colony members, development and performance. The effi cacy of each applied substance was estimated over its contribution in knockingdown of Varroa mites. For that purpose we used anti-varroa bottom boards with a white metal sampling sheet covered with neutral oil (to prevent reattachment of fallen mites to the bees and possible predators (ants and other scavengers) to exterminate dead mites [18] . Fallen mites were sampled every 2 days during the treatment period. The number of fallen mites was counted and recorded after each treatment and the sum of those numbers calculated after the last treatment for each group (A, B and C) was designated as total mite fall. Then, the proportion (in %) of mites fell after each treatment in total mite fall was estimated.
All three groups (Table 1) had the same treatment period (the fi rst and the last treatment were done in the same period). Treatment with Oxalic acid was the last in all three groups. This acid is considered a highly effi cient acaricide with up to 99% effi cacy in the broodless period and therefore adequate to be used as fi nal control treatment for the evaluation of varroacide effi cacy of previously applied treatments [19] .
The results obtained in group C were also used for the evaluation of Argus Ras effi cacy using Amitraz as follow-up treatment according to the formula recommended by the European Medicines Agency -EMA [20] . This method was not applied for Oxalic acid effi cacy evaluation because the time distance between treatments allows for the possibility of reinfestation with Varroa mites.
Statistical analysis
The obtained data was carried out using software STATISTICA v. 7 (StatSoft, Inc., Tulsa, OK, USA). Due to the data characteristics, the results were presented through the median, interval of variation and interquartile differences. Differences between median effectiveness of treatments were tested using Kruskal-Wallis test and MannWhitney U test. In group C, Argus Ras induced average fall of 175.55 mites, while Amitraz, used as follow-up treatment, knocked-down on average 42.28 residual mites. Thus, the treatment effi cacy of Argus Ras, estimated according to the formula recommended by EMA (% mite reduction), was 80.59%. Importantly, treatments with Argus Ras did not affect adversely on brood, adult bee population and colony performance. 
RESULTS
The treatment with Argus
DISCUSSION
Considering the extent of damage V. destructor infl icts on European honey bee colonies worldwide, the control of this parasite is one of the most important tasks in beekeeping practice. Despite numerous available means and methods of confi rmed or anecdotal effi cacy, reliable long term solution for this problem is not yet available. Therefore, there is a great need for investigating and improving the ways of Varroa mite infestation control. Testing new substances and products with acaricidal effects may help to address this issue.
With the raise of public awareness of the risks of pesticide overuse and contamination of environment and food, there is a worldwide growing interest in organic agriculture, especially in highly developed countries. In organic beekeeping, there are special requirements regarding pest control and only few Varroa control methods and substances are considered acceptable. Beside biotechnological measures believed to be able to reduce Varroa infestation levels to some extent, methods such as sugar dusting and appliance of natural substances (essential oils and organic acids) are acceptable in organic beekeeping [21] . Argus Ras is an entirely plant-derived product and as such is suitable for both organic and conventional beekeeping.
The results of this study show that Argus Ras has an average effi cacy of 80.89%, and 80.59% when calculated according to the formula recommended by EMA [20] . This acaricidal effi cacy is rather high, especially in comparison with other previously tested essential oils such as garlic, turmetic, tulsi, ajwin, cinnamon and clove oils, whose effectiveness ranged from 65.00 to 77.54% [22] or jasmine, black cumin and neem oils which showed effectiveness from 24 to 35% [23] . Effect of Argus Ras in this study (80.89%) was signifi cantly lower (z=10.921, p<0.001) (Figure 4 ) than the effect observed with Amitraz (95.72%). Nevertheless, there is a huge difference between soft and hard acaricides regarding environmental and other risks. It is known that plant-derived soft acaricides have a very low potential of honey bee intoxication in contrast to other acaricides that were reported to exert toxic effects on bees, as in the case of amitraz [24] , coumaphos [25] , fl uvalinate [26] , formic acid [27] and oxalic acid [17] . Besides, plant-derived soft acaricides do not contaminate hive products, opposed to other acaricides that have been proven to leave residues: oxalic and formic acid [14] fl uvalinate and coumaphos, amitraz and chlorfenvinphos [28] and pose risk to consumers of bee products [8, 9] .
Given that plant-derived soft acaricides pose low or no risk to the environment, honey bees and bee products, it can be expected that Argus Ras has similar properties, although this has to be experimentally confi rmed. In addition, it requires a smaller number of treatments and fi nancial investments than other formulations used for Varroa control.
In this study, Oxalic acid exerted the lowest acaricidal effect in group C (Figure 2 ). This could be explained with preceding effects of Amitraz and Argus Ras. However, as no signifi cant differences were found in effects of Amitraz between groups B and C (Figure 3) , the higher proportion of mites knocked down in group C before the treatment with Oxalic acid could be attributed to the acaricidal effect of Argus Ras. This could be explained by acaricidal effects of Argus Ras on amitraz-resistant mites, even more so as there are reports on Varroa resistance to amitraz especially in regions where it is often used [29] .
No adverse effects of Argus Ras were recorded neither on brood and adult bee health, nor on the development and productivity of the treated colonies. As for other plantderived formulations, health-promoting effects of Argus Ras could be expected. Further investigations are needed to evaluate the potential of Argus Ras to enhance the immunity of bees and help them to cope with microsporidial and other pathogens.
Argus Ras possesses rather high effi cacy in comparison with other previously tested natural-based products. As entirely plant-derived product, Argus Ras is suitable for both organic and conventional beekeeping similar to alternative herbal treatments against nosemosis. Compared to other formulations used for Varroa control, this product has additional advantages as it requires less number of treatments and fi nancial investments. Finally, no adverse effects of Argus Ras were recorded neither on brood or adult bees, nor on the development and productivity of the colonies.
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Varroa destructor je najznačajniji parazit medonosne pčele. Razne metode se koriste za kontrolu ovog krpelja, ali nijedna od njih ne ispunjava sve potrebne kriterijume: da bude bezbedna, efi kasna i jednostavna za primenu. Cilj ovog rada bio je da se ispita varoacidna efi kasnost nove formulacije na bazi biljaka, preparata Argus Ras (mešavina ekstrakata Sophora fl avescens, Ginkgo biloba, Gleditsia chinensis i Teucrium chamaedrys) u terenskom eksperimentu. Ispitivanje je obavljeno na 240 društava Apis mellifera ujednačenih po količini legla, brojnosti adultnih pčela i rezervama hrane. Efi kasnost je procenjivana primenom preparata Argus Ras u kombinaciji sa druga dva akaricida, amitrazom i ok-
